4

Open Journal of Applied Sciences, 2024, 14, 193-204

"“ Scientific https://www.scirp.org/journal/ojapps
0 “ Research :
94% Publishing ISSN Online: 2165-3925

@,

ISSN Print: 2165-3917

Measurement of Radon Concentration and
Estimation of Cancer Risk in Twenty-Four
Model Houses in the Town of Koudougou

Moumouni Derra?, Luc Telado Bambaraz, Karim Kaboré3, Yalgado Zakaria Sawadogo?,
Ousmane Cissé4, Francois Zougmoré+

"Physics Department, University Norbert Zongo, Koudougou, Burkina Faso

Physics and Chemical Department, Institute of Sciences and Technology, “Ecole Normale Supérieure”, Ouagadougou, Burkina
Faso

3Physics Department, Virtual University, Ouagadougou, Burkina Faso

“Laboratory of Materials and Environment, University Joseph Ki-Zerbo, Ouagadougou, Burkina Faso

Email: telado.luc.bambara@gmail.com

How to cite this paper: Derra, M., Bam-
bara, L.T., Kaboré¢, K., Sawadogo, Y.Z., Cissé,
O. and Zougmoré, F. (2024) Measurement of
Radon Concentration and Estimation of
Cancer Risk in Twenty-Four Model Houses
in the Town of Koudougou. Open Journal of
Applied Sciences, 14, 193-204.
https://doi.org/10.4236/0japps.2024.141015

Received: December 29, 2023
Accepted: January 28, 2024
Published: January 31, 2024

Copyright © 2024 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution-NonCommercial
International License (CC BY-NC 4.0).
http://creativecommons.org/licenses/by-nc/4.0/

(otolcH

Abstract

The objective of our study is to evaluate the concentration of radon (**Rn) in-
side houses in the town of Koudougou in order to estimate its impact on the
health of the population. Indeed, when uranium-rich minerals are found near
the surface of the ground, radon concentrations can reach tens of becquerels
per cubic meter in enclosed spaces. Given the nature of the geological base of
Burkina Faso, this situation is quite probable and certain places that are
sometimes poorly ventilated (house, school, office, etc.) can have radon levels
high enough to constitute a health problem for occupants. Thus, twenty-four
(24) sample houses were identified. In each house, the Corentium digital de-
tector was between 0.8 m and 2 m for at least one week in a place where the
occupants estimate that they spend more time of time and measure the con-
centration of radon in the long term and short term. The recorded data al-
lowed us to determine the Absorbed Dose and the Annual Effective Dose of
radon gas for each house in order to estimate the Risk of Cancer and the
probable Number of Cases of Lung Cancer per million inhabitants. Thus, the
results indicate that the long-term radon concentration varies between 6
Bq/m?® and 285 Bq/m?® respectively in houses 11 and 4 compared to 1 Bq/m® to
208 Bg/m’® in the short term in the same houses. Also, in the long term, in
control houses 1, 3 and 4, the radon level is above the recommended thresh-
old interval. For the short term, these are houses 1, 3, 4 and 17 respectively
with 110 Bq/m?, 142 Bq/m?, 208 Bq/m® and 105 Bq/m’. As for the long-term
and short-term effective doses, only houses 1, 3, 4, 17 and 24 have values be-
tween 3 - 10 Sv/year. The estimation of the relative risk of lung cancer gives
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values relatively close to unity and between 1.006 and 1.142 with an average
of 1.035 and that of the Number of Lung Cancer Cases per million inhabitants
gives values between 8 and 166 with an average of 42. Thus, we can conclude
that with the exception of houses 1, 3, 4 and 17, the radon concentrations are
relatively low in the twenty-four control houses in the city of Koudougou. The
lifestyle of the populations can well explain this situation when we know that
people are in the habit of always leaving doors and windows open, especially
when they are not sleeping. We can therefore say that the risk of population
exposure to radon gas is relatively low in the town of Koudougou.
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Radon, Absorbed Dose, Annual Effective Dose, Cancer Risk

1. Introduction

Radon (*Rn) is a radioactive gas that has no taste, odor or color [1]. It comes
from the decay of uranium 238 (238U) which is a chemical element naturally
present in the earth’s crust [2]. Several studies show that granites and volcanic
rocks have relatively more [3]. And, when uranium-rich minerals are found near
the ground surface, radon concentrations can reach tens of becquerels per cubic
meter (Bq/m?®) in enclosed spaces [4]. Thus, given the nature of the geological
base in Burkina Faso, particularly rich in granites and volcanic rocks [5], it is
probable that in spaces that are sometimes poorly ventilated (residential houses,
schools, offices, etc.) the proportion radon is high. Because radon can, through
cracks in walls, construction joints, floor drains, surfaces in contact with the
ground, etc., find its way into homes and be problematic for health [6] [7]. In-
deed, the International Agency for Research on Cancer has recognized that ra-
don is a lung carcinogen for humans [8]. Also, certain studies have confirmed
the relationship between the quantity of radon inhaled and the risk linked to
lung cancer [9] [10]. The risk increases not only with the daily content inhaled
but also and especially with the duration of exposure [1] [11] [12]. Thus, the ob-
jective of our study is to evaluate the concentration of radon inside houses in the
town of Koudougou in order to estimate its impact on the health of the popula-
tion. Because studies have already found high radon concentrations in resi-
dences and offices in Ouagadougou and Kaya [13] [14]. Thus, we used a Coren-
tium type digital detector to measure the radon concentration inside twenty-four
(24) houses, in the long and short terms. Also, to estimate the Cancer Risk and
the probable Number of Lung Cancer Cases per million inhabitants in the
twenty-four control houses, we determined the Absorbed Dose and the Annual

Effective Dose of radon gas in each house.

2. Materials and Method

2.1. Geographical Location of the Show Houses

The third largest city in Burkina Faso, Koudougou is located in the Center-West
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region, about a hundred kilometers from the capital Ouagadougou and has ap-
proximately 88,184 inhabitants. The Koudougou area is essentially made up of
Paleoproterozoic formations belonging to the Birimian basement of the Man/Léo
ridge. This base includes volcano-sedimentary and plutonic terrains metamor-
phosed during the Eburnean which constitute the greenstone belts. TTG grani-
toids and biotite granites are intrusive in the latter and flow over most of the
study area. Thus, for this study, twenty-four (24) houses were identified in the
ten (10) sectors of the city Koudougou. The geographic coordinates recorded
using a GPS made it possible to locate the measurement locations on the map

below (Figure 1).

2.2. Measurement Methods

The AIRTHINGS CORENTIUM Home Digital Radon Monitor measures radon
gas in indoor air. It is a simple, precise and flexible device that displays on a screen
the average concentration for one (1) day, seven (7) days and the average concen-
tration for one year. It runs on batteries. AIRTHINGS CORENTIUM Home is the
radon monitor suitable for family homes, public buildings and workplaces. A
simple and quick instrument can be used by everyone. Operating on batteries,
AIRTHINGS CORENTIUM Home can easily be moved throughout the build-
ing, allowing you to obtain a complete overview of the distribution of radon in

the home.
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Figure 1. Geographical location of houses.
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The AIRTHINGS CORENTIUM Home radon monitor samples indoor air
through a passive diffusion chamber and uses alpha spectrometry to accurately
calculate radon concentration. Detection is done using silicon photodiodes both
to count and to measure the energy of the alpha particles resulting from the ra-
don gas decomposition chain. For each measurement session, the radon detector
was placed between 0.8 m and 2 m for at least one week in a location in the house
where the occupants estimate that they spend more time there. For concentration
measurements, the device was placed in each house for a minimum period of one
week. Concentration values are recorded every 24 hours for a week. The values
recorded are the short-term average and the long-term average.

The choice of measurement sites was made on the basis of the nature of the
materials used for the construction of the house (cinder block), openings gener-
ally closed; houses whose construction duration is between 5 to 10 years, besides,

and also to guarantee the safety of the measuring devices.

2.3. Dose Estimation

Radon is one of the main sources of human exposure. It is present in homes and
workplaces. Calculations of the annual absorbed dose and the annual effective

dose are the parameters in estimating the radon dose.

2.3.1. Annual Absorbed Dose

The concentration of radon gas measured in each home was used to estimate the

annual absorbed dose. The calculation of the annual absorbed dose is made from

the concentration of radon gas (Ck,), the dose conversion factor (Dc), the equi-

librium factor (F), the exposure time in hours for one year (7), and occupation

time (H). Equation (1) was used to estimate the annual absorbed dose [15]-[20].
D, (mSV -y )

= C,, (Ba-m)x Fx HxT(n-y" )« De(nSv par(Bq-h-m*)) (1)

2.3.2. Effective Dose to the Lung (mSv)

The annual absorbed dose (D), radiation weighting factor (W%) and tissue
weighting factor ( W7) for the lung are used for estimation of the effective dose to
the lung [21]. Radon, a radioactive gas which emits alpha particles, therefore the
radiation weighting factor used to calculate the effective dose is 20. The target
organ being the lung therefore the tissue weighting factor is 0.12 [21]. Formula
(2) below was used to calculate the effective dose to the lung [13] [15] [16] [17]
[22].

E,(mSv)=D,, Wy -W,. (2)

2.4. Health Risk of Radon

The health risk of radon was assessed based on the calculation of exposure to
radon, lifetime cancer risk and the number of cases of lung cancer per year and

per million people.
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2.4.1. Radon Exposure
The formula used to calculate radon exposure () is given as follows:

E,(WLMparan)=C,,-O-F-C,, -T/T, . (3)

Cwi: Conversion of the radon concentration into working level, which has a value
2.7 x 10% 7! Number of hours in a year; 7,:; Number of working hours in a
month. The working level is equivalent to a radon activity volume of 12,000 Bq/m’
and 1 WLM corresponds approximately to exposure for one year to an atmosphere

where the radon activity would be 230 Bq/m>.

2.4.2. Lifetime Cancer Risk
The formula used to calculate lifetime cancer risk (CR) is as follows:

CR=E,-T-F, (4)

T: Average life expectancy which is 61.9 years in Burkina in 2019; Fg: Risk coef-
ficient of exposure to 222Rn gas in balance with its descendants (5 x 10™ by
WLM).

2.4.3. Number of Lung Cancer Cases per Year per Million People
The formula used to calculate the number of lung cancer cases per year per mil-

lion people (NLCC) is given as follows [17]:
NLCC =E, >1<(18><10’6 mSv™ -an) (5)

3. Results and Discussion

3.1. Long-Term and Short-Term Radon Concentration

Table 1 presents the long-term average concentrations, minimum and maxi-
mum concentrations and standard deviations of radon gas concentrations in the
houses studied in the town of Koudougou.

The long-term radon concentration varies between 6 Bq/m’ and 285 Bq/m’
respectively in houses 11 and 4. And, the average varies from 7.28 Bq/m® to 285
Bg/m’. The maximum average value is observed in house 4 and the minimum in
house 11. Thus, in the long term, there are houses where the radon concentra-
tion is above the reference value which is 100 Bq/m? - 300 Bq/m?® [23] [24]. These
are houses 1, 3 and 4. For this purpose, the average of 152.429 Bq/m’ recorded in
house 4 deserves attention even if it did not reach the maximum limit which is
300 Bq/m? [23] [24]. Overall, we note that the risk of exposure to radon in Kou-
dougou is relatively low because, with the exception of house 4, the average ra-
don activity in all the control houses is below the recommended threshold. The
lifestyle of the populations can well explain this situation when we know that
people are in the habit of always leaving doors and windows open when they are
present and not sleeping.

Table 2 presents the short-term average concentrations, minimum and max-
imum concentrations and standard deviations of radon gas concentrations in the

houses studied in the town of Koudougou.
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Table 1. Concentration of long-term radon gas in the houses studied (Bq/m?).

Place Mean Maximum Minimum  Standard Deviation

House 1 71.429 107 58 16.298
House 2 21.857 24 19 1.676
House 3 85.143 102 51 17.382
House 4 152.429 285 119 59.696
House 5 33.429 38 30 2.82

House 6 28.714 32 27 1.799
House 7 35.143 41 31 3.485
House 8 23.857 28 18 3.848
House 9 21.571 27 18 3.207
House 10 35.571 46 28 7.892
House 11 7.286 8 6 0.756
House 12 13.857 16 7 3.237
House 13 25.429 32 22 3.994
House 14 17.143 29 14 5.336
House 15 16.571 22 10 3.952
House 16 48.429 65 39 9.199
House 17 67.143 75 61 5.64

House 18 35 40 30 3.742
House 19 15.857 21 13 2911
House 20 14.286 24 12 4.309
House 21 34,571 44 27 6.024
House 22 55.286 68 41 11.427
House 23 15 18 12 2.16

House 24 49.571 60 32 8.619

Table 2. Concentration of short-term radon gas in the houses studied (Bq/m?).

Place Mean Maximum Minimum  Standard Deviation
House 1 65 110 35 25.677
House 2 22.571 38 12 8.715
House 3 82.714 142 54 32.071
House 4 86.571 208 31 60.863
House 5 34.286 51 24 10.161
House 6 22.857 36 1 12.185
House 7 28.857 42 17 10.007
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Continued

House 8 30.714 56 20 12.842
House 9 26.143 45 14 12.348
House 10 26.286 41 17 8.655
House 11 8.714 17 1 5.407
House 12 15.714 23 9 4.716
House 13 28.286 44 9 11.772
House 14 14.143 24 8 5.64

House 15 19 25 11 5.859
House 16 37.857 65 19 15.678
House 17 83 105 69 13.856
House 18 41.714 56 24 11.586
House 19 11.571 27 4 7.525
House 20 12.429 23 3 6.106
House 21 36.286 55 24 12.23
House 22 52.143 79 24 22.535
House 23 18.714 26 9 5.559
House 24 61.857 91 46 16.015

The concentration of radon in homes in the short term varies from 1 Bq/m? to
208 Bq/m’. And, the average of this concentration is between 08.71 Bq/m?* and
86.87 Bq/m? respectively for houses 11 and 4. It is also house 4 which has the
highest average concentration and house 11 the lowest one. The minimum con-
centration is also observed in house 11 with a value of 1 Bq/m’. In the short
term, the radon concentrations in houses 1, 3, 4 and 17 are above the minimum
recommended threshold with respectively 110 Bq/m?, 142 Bq/m?, 208 Bq/m? and
105 Bq/m? [23] [24]. In total, out of 24 houses, only 4 have maximum radon lev-
els above the minimum threshold of 100 Bq/m? or 16.67%.

3.2. Evaluation of the Absorbed Dose and the Annual Effective
Dose

Table 3 shows the absorbed dose and annual effective dose of radon gas_in the
houses studied in the town of Koudougou.

Long-term absorbed dose of radon: The long-term absorbed dose of radon
varies between 3.85 and 0.18 with an average of 0.97.

Long-term effective dose: The long-term effective dose ranges from 0.44 to
9.23 with an average of 2.33. Houses 1, 3, 4, 17, 22 and 24 have long-term effec-
tive doses within the threshold interval of 3 - 10 mSv/year [25].

Short-term absorbed dose of radon: The short-term absorbed dose of radon

varies from 0.22 to 2.18 with an average of 0.91.
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Table 3. Absorbed dose and annual effective dose of radon gas in homes (mSv/year).

Absorbed dose of Absorbed dose of
Long-term  Short-term

Place radon ti:r::e long  radon izri:e short effective dose effective dose

House 1 1.802 1.64 4.325 3.936
House 2 0.551 0.569 1.323 1.367
House 3 2.148 2.087 5.155 5.008
House 4 3.846 2.184 9.229 5.242
House 5 0.843 0.865 2.024 2.076
House 6 0.724 0.577 1.739 1.384
House 7 0.887 0.728 2.128 1.747
House 8 0.602 0.775 1.445 1.86
House 9 0.544 0.66 1.306 1.583
House 10 0.897 0.663 2.154 1.592
House 11 0.184 0.22 0.441 0.528
House 12 0.35 0.396 0.839 0.951
House 13 0.642 0.714 1.54 1.713
House 14 0.432 0.357 1.038 0.856
House 15 0.418 0.479 1.003 1.15
House 16 1.222 0.955 2.932 2.292
House 17 1.694 2.094 4.065 5.026
House 18 0.883 1.052 2.119 2.526
House 19 0.4 0.292 0.96 0.701
House 20 0.36 0.314 0.865 0.753
House 21 0.872 0.915 2.093 2.197
House 22 1.395 1.316 3.348 3.157
House 23 0.378 0.472 0.908 1.133
House 24 1.251 1.561 3.002 3.745
Mean 0.972 0.912 2.333 2.188
Maximum 3.846 2.184 9.229 5.242
Minimum 0.184 0.22 0.441 0.528

Short-term effective dose: The short-term effective dose ranges from 0.53 to
5.24 with an average of 2.19. Houses 1, 3, 4, 17, 22 and 24 have short-term effec-
tive doses within the threshold interval of 3 - 10 mSv/year [25].

3.3. Estimated Cancer Risk and Number of Lung Cancer Cases per
Million Inhabitants

The Cancer Risk and Number of Lung Cancer Cases per million inhabitants of

radon gas in the houses studied in the town of Koudougou are shown in Table 4.
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Table 4. Cancer risk and number of lung cancer cases per million inhabitants.

House code Relative risk of lung cancer NLCC per million inhabitants
House 1 1.064 78
House 2 1.019 24
House 3 1.077 93
House 4 1.142 166
House 5 1.03 36
House 6 1.025 31
House 7 1.031 38
House 8 1.021 26
House 9 1.019 24
House 10 1.032 39
House 11 1.006 8
House 12 1.012 15
House 13 1.022 28
House 14 1.015 19
House 15 1.015 18
House 16 1.043 53
House 17 1.06 73
House 18 1.031 38
House 19 1.014 17
House 20 1.013 16
House 21 1.031 38
House 22 1.049 60
House 23 1.013 16
House 24 1.044 54
Mean 1.035 42

RRCP: The estimation of the relative risk of lung cancer gives values relatively
close to unity and between 1.006 and 1.142 respectively for houses 11 and 4 with
an average of 1.035.

NLCC: The estimate of the Number of Lung Cancer Cases per million in-
habitants gives values between 8 and 166 respectively in houses 11 and 4 with an

average of 42; or 4.2 x 107® percent.

3.4. Comparisons of Concentrations with Other Studies Carried
out

Table 5 shows the average concentration of radon in homes in the city of Kaya,
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Table 5. Comparison of the average concentration with other studies.

Locality Average concentration of radon in Bq/m? Reference
This Study 38.52

Kaya 28.47 +22.22 [26]
Ouagadougou 26.90 +2.58 [13]
Banlieue du Ghana 57 + 39 [27]
Soudan (Kordufan) 109.43 [28]
Soudan (Wad Almahi) 41.52 [28]
Maroc 80 [29]

Ouagadougou and other cities in Africa. The average concentration of radon in
the houses studied in Koudougou is 38.52 Bq/m’ and higher than that obtained
in homes in the city of Ouagadougou and Kaya. The average radon concentra-
tions in similar studies carried out in Ghana, Sudan, and Morocco show that the
average concentration of houses in Koudougou is lower compared to that ob-

tained in these countries.

4. Conclusion

The results of this work reveal that the long-term radon concentration varies
between 6 Bq/m?® and 285 Bq/m’ respectively in houses 11 and 4 compared to 1
Bq/m? to 208 Bq/m? in the short term in the same houses. Thus, in the long
term, in control houses 1, 3 and 4, the radon level is above the recommended
threshold interval of 100 Bq/m?® - 300 Bq/m? [23] [24]. In addition, the average of
152.429 Bg/m’® recorded in house 4 deserves attention even though it did not
reach the upper limit of 300 Bq/m®. For the short term, the values 110 Bq/m?,
142 Bq/m?, 208 Bq/m? and 105 Bq/m® recorded respectively in houses 1, 3, 4 and
17 are above the lower limit of 100 Bq/m’. Also, the long-term and short-term
absorbed doses have respective averages of 0.97 and 0.91. As for the long-term
and short-term effective doses, they are between the interval 3 - 10 mSv/year
[25] in houses 1, 3, 4, 17 and 24. For houses 11 and 4, the estimation of the rela-
tive risk of lung cancer gives values relatively close to unity and between 1.006
and 1.142 with an average of 1.035 and the estimate of the Number of Lung
Cancer Cases per million inhabitants gives values between 8 and 166 with an av-
erage of 42. From the above, we see that with the exception of houses 1, 3, 4 and
17, the radon concentrations are relatively low in the 24 control houses in the
city of Koudougou. The lifestyle of the populations can well explain this situa-
tion when we know that people are in the habit of always leaving doors and
windows open when they are present and not sleeping. Thus, we can say that the
risk of population exposure to radon gas is relatively low in this part of the

country.
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